Abstract:
INTRODUCTION
Most of the athletes have experienced delayed onset muscle soreness (DOMS) during their careers, generally following an unaccustomed exercise or eccentric exercise [1, 2] . Eccentric exercises may cause micro-injury particularly in the distal musculotendinous junction of the muscles [1, 3] . The signs and symptoms of DOMS including, pain, edema, increase in passive stiffness, decrease in range of motion (ROM) and impairment of proprioception may commence within 12-24 hours and peak at 48 hours after exercise [4, 5] . Full recovery may last about 10 days [4] . The problem can range from a simple discomfort to severe disabilities which can reduce athlete's performance or prevent them to participate in sports exercises [4] . Hamstrings muscle suffers frequently from DOMS [6, 7] . Also, hamstrings muscle strains frequently because of eccentric loading imposed on it during repeated extensions in a soccer competition. Eccentric exercises can reduce the risk of strain injury of the hamstrings. But, the same exercises may induce DOMS in the hamstrings if performed repeatedly or the athlete is not prepared for performing exercise [6] .
Various mechanisms have been purposed that contribute to DOMS, including lactic acid accumulation, muscle spasm, injury to the muscles and connective tissues, and release of enzymes and inflammation [1] . Accordingly, various methods have been suggested for managing these problems including, usage of NSAIDs and rehabilitation as a whole [4, 8] . There is no consensus on the effectiveness of the drugs [8] . On the other hand, conservative managements including cryotherapy, ultrasound, electrical stimulation, massage, stretch, immobilization and rest have shown some success [8] . Generally, rest, ice, compression and elevation regimen have been used for managing acute soft tissue injuries. Using the ice in the regimen can decrease the temperature of the tissue and resolve inflammation [1, 9] . Improvement of tissue after acute injury is therefore accelerated [10] . A few researches have been conducted on the effects of cryotherapy on DOMS; most of which did not report any significant effect [11 -13] . These studies used eccentric contractions of elbow flexors for inducing DOMS. They used cryotherapy in different forms including, cold water immersion and ice massage. But, they applied the treatment only one time after induction of DOMS. The limited use may be the reason of the ineffectiveness of cold therapy on DOMS. In the present study, cryotherapy has been applied frequently to assess if it would be more effective in controlling signs and symptoms of DOMS. Different forms of electrical stimulation have also been suggested for managing DOMS [14 -16] . Widely used transcutaneous electrical nerve stimulation (TENS) has been applied for decreasing pain and inflammatory response associated with DOMS [17, 18] . Similar to cryotherapy, limited use of TENS may not be sufficient to have any effect on the signs and symptoms of DOMS. They used TENS on elbow flexors and only one time. There was no study found which compared effects of the repeated use of cryotherapy and TENS on DOMS of the hamstrings muscles. The aim of the present study, therefore, was to compare the effects of repeated use of cryotherapy and TENS on the signs and symptoms of DOMS of the hamstrings including, pain intensity, active knee extension range of motion (AROM), thigh girth and the distance covered during triple hop test. The authors hypothesized that increasing frequency of application of cryotherapy and TENS could be a more helpful management for DOMS of the hamstrings; also, the protocols used in the current study would be able to determine which of the interventions may be better than the other for controlling signs and symptoms of DOMS.
METHOD

Participants
Forty-two healthy, amateur male soccer players (age: 26±3 yrs.; mass: 73±5 kg), determined by convenient nonprobability sampling method, participated in the current study. They had no lower extremity injury during the previous year. There was no contraindication for using electrical stimulation or icing. No sensitivity to ice or electrical stimulation was observed during the tests. They had not performed any heavy training two weeks before performing the tests. After familiarizing with test procedures, participants signed an inform consent approved by ethics committee of our University Review Board (IRCT ID: IRCT2016100230083N1).
Procedures
Sixteen participants were randomly allocated to each intervention group; TENS or cryotherapy group. Ten participants were considered as control group. Pain intensity, AROM, thigh girth and the distance covered during triple hop test were measured for all participants. DOMS was then induced for the hamstring muscles of the lower extremity that the participant preferred to kick a ball. Pain intensity, AROM, thigh girth and the distance covered during triple hop test were measured again 24, 48 and 72 hours after inducing DOMS. TENS and ice bag were applied to the TENS and cryotherapy groups, respectively. But, no intervention was prescribed for the control group. All measurements were performed by an examiner who was blind to group classification.
Active knee extension test was used for measuring AROM. This test has been shown to be valid for this purpose [19] . The participant was in the supine position on a bed. A box was put below the dominant knee to set the hip joint in 90 degrees of flexion. Fulcrum of a digital goniometer was aligned with the lateral epicondyle of the femur. The fixed and moving arms were extended toward the greater trochanter and lateral malleolus, respectively. The opposite lower extremity was secured in the neutral position on the bed using two straps; one on the anterior superior iliac spine (ASIS) and the other on the middle of the thigh. While trying to keep the contact of back of the thigh with the box, the participant was asked to actively extend the thigh gently and report any stretch, discomfort or pain. Two seconds after reporting the first point of discomfort or pain, the angle was recorded [19] . Thigh girth was measured using a flexible meter at three regions; 10 cm above lateral epicondyle of the femur, middle distance between lateral epicondyle and the greater trochanter of the femur, and below the gluteal fold. Three markers in these regions were used for the next measurements. Pain intensity was measured using a 100 mm visual analogue scale (VAS) before, 24, 48 and 72 hours after inducing delayed onset muscle soreness for the hamstrings. The participant was asked to mark his perceived pain intensity on the VAS during active knee extension test. Triple hop distance was used for assessing function. The participant was asked to perform three successive hops using the dominant lower extremity. The distance covered between the big toe at the start point and posterior of the heel at the end of the third hop was considered as the distance traveled during this test. The test would be repeated if the other lower extremity touched the ground.
For inducing DOMS in the hamstrings, the participant was in the kneeling position on a bed and the hands were by the sides (Fig. 1) . Distal of the legs was secured using a strap. The participant was asked to bend forward from the knees as further as possible. He was instructed not to bend the hip joints or the spine. In this way, the hamstrings had to control, eccentrically, the lowering of the thigh, pelvic and trunk segments as a rigid lever. The procedure consisted of 12 sets including, six repetitions. Ten seconds and 2 min rest were allowed between each repetition and set, respectively [20] . 
Cryotherapy Intervention
The participant was in the prone position. A wet towel was put on the hamstrings muscle. Ice bag containing mixed pieces of ice and water was put on the towel and covered by another towel. The intervention lasted for 20 min. The cryotherapy protocol consisted of three repetitions daily (8-hour intervals) for three consecutive days. The size of the ice bag was chosen according to the contour of the hamstrings. Any adverse effect of icing was monitored by the researchers in the first session.
TENS Intervention
Transcutaneous electrical nerve stimulation was applied by an ITO stimulator (Model 1207, ITO, Co., Ltd, Japan). The participant was in the prone position. One pair of rubber electrodes was placed longitudinally on the most painful site of the musculotendinous junction of the hamstrings in the lower one-third of the muscle [21] . TENS was applied once in a day for three consecutive days. Frequency, pulse width and duration were set at 110 Hz, 200 µs, and 20 min, respectively. Intensity was increased up to a sensory level, that is, the participant felt a paresthesia with no muscle contraction [18, 21] .
Statistical Analysis
SPSS version 22 was used for analyses. Significant level of 0.05 was considered for these analyses. Distribution of data was coinciding with the normal distribution as determined by Kolmogorov-Smirnov test. One factor analysis of variance (ANOVA) was used to show any significant difference for means of anthropometric variables across three groups and also to show any significant difference for means of dependent variables across three groups before interventions. Separate 3 × 4 (three groups; four measurement times) mixed model ANOVAs were conducted to assess main effects of group and time, and interaction effect of group × time for means of pain intensity, AROM, thigh girth and triple hop distance. Post hoc Bonferroni adjustment was used when necessary; adjusted significant level was considered for this purpose.
RESULTS
There was not any significant difference across groups for anthropometric characteristic of the participants ( Table  1) . No significant difference was observed for distribution of the dependent variables before interventions ( Table 2) . , and interaction effect of group × time (F 6,156 =3.12, P=0.009, η=0.20) were found for pain intensity. A post-hoc adjustment using Bonferroni test showed that there was a significant difference for the mean of pain intensity between cryotherapy and control groups (P<0.017), but, mean of pain intensity between TENS group and cryotherapy group (P>0.017) and between TENS group and control group (P>0.017) was not significantly different. Also, a pairwise comparison showed that mean of pain intensity was significantly increased progressively after inducing DOMS until 48 hours(P<0.0125) but, started to decrease 72 hours after inducing DOMS (P<0.0125) (Fig. 2) . Fig. (2) . Mean of pain intensity across groups and measurement times. Bonferroni test showed that there was a significant difference for the mean of pain intensity between cryotherapy and TENS groups (P<0.017), but, mean of pain intensity between cryotherapy group and control group (P>0.017) and between TENS group and control group (P>0.017) was not significantly different. A pairwise comparison revealed that mean of AROM decreased 48 hours (P<0.0125) and 72 hours (P<0.0125) after inducing DOMS, but, the decreasing trend stopped between 48 hours and 72 hours after inducing DOMS (P>0.0125) (Fig. 3).   Fig. (3) . Mean of active knee extension range across groups and measurement times.
There was not any significant main effect of time (F 3,156 (Fig. 4) . Fig. (4) . Mean of triple hop distance across groups and measurement times. 
DISCUSSION
The objective of the present study was to compare the effects of cryotherapy and TENS on the problems associated with DOMS of the hamstrings including, pain intensity, AROM, thigh girth and the distance covered during triple hop test. Results showed that pain intensity was progressively increased until 48 hours after inducing DOMS. Pain intensity was then decreased, but only by cryotherapy. TENS had no effect on pain intensity. AROM, which was affected only by cryotherapy, decreased only after 48 hours; but, the decrease was stopped after 72 hours after inducing DOMS. Triple hop distance decreased progressively until 48 hours and stopped then 72 hours after inducing DOMS but, the changes was not affected by cryotherapy or TENS. Girth of the thigh was not influenced by DOMS.
Decrease in pain intensity in the current study is in agreement with the study of Macedo et al. (2015) who used ice as an intervention to determine if it had an effect on pain threshold, assessed by an algometer on the lateral epicondyle of the humerus. They reported that the threshold had been increased due to icing [22] . The finding of the present study was also in agreement with Oakley et al. (2013) who applied ice three times daily on the hamstrings after eccentric exercise and found an improvement in pain [3] . Morita et al. (2004) did not report any change in perceived pain using ice bag after inducing DOMS in elbow flexors. But, they applied 20 min only one time after eccentric exercise [12] . The TENS parameters used in the current study are considered as a stimulation in the sensory level. In the sensory level, pain may be decreased according to the gate control theory of Melzack and wall. That is, analgesia may be present only at the time of stimulation. As the stimulation is interrupted, pain may be reappeared [23] . Deneger et al. (1992) reported a decrease in pain after inducing DOMS in elbow flexor muscles using TENS for one session [21] . The conflicting results may be due to the fact that they measured pain immediately after application of TENS. In the present study, pain was being measured in a long interval relative to the application of TENS. Pain may have been returned, therefore, by the time of measurements. Given this long time interval, the pain gate control may be disregarded as the effective mechanism of relieving pain induced by ice application as well. Other mechanisms of cryotherapy such as endogenous opioids and counter irritation, therefore, may have decreased pain intensity [24] . Pain reduction using cryotherapy may also be produced by vasoconstriction and control of swelling [25] . No measurable swelling was generated in the current study because of consistency of thigh girth after inducing DOMS. Improvement of pain, therefore, may have not resulted by vasoconstriction and control of swelling.
Active knee extension test is a common tool to assess knee ROM after acute injuries of the hamstrings [19] . In the current study, active knee extension range decreased after 48 hours but, the decreasing trend did not continue until 72 hours after inducing DOMS in the hamstrings. Cryotherapy had a role in this trend but, TENS had no influence on the range of active knee extension. The finding was in agreement with Denegar et al. (1992) who applied TENS and ice massage on the biceps brachialis after inducing DOMS and reported an increase in the elbow ROM only by cold and not by TENS [21] . Oakley et al. (2013) applied ice on the hamstrings after inducing DOMS and found an improvement in pain; but, they did not observe any improvement in the range of motion of the knee extension [3] . The conflicting findings may be due to different protocols of inducing DOMS in the hamstrings. They used an eccentric exercise using a dynamometer. Also, they focus on just a cryotherapy and a control group. Knee extension ROM may be restricted in the terminal range due to spasm induced by DOMS of the hamstrings [26] . Interrupting decreasing trend of AROM obtained by cryotherapy can be related to the decrease of pain and/or spasm. The later did not assess in the current study.
Triple hop test was reported to be a suitable tool for examining strength and power in the lower extremities [25] . This test can thus reflect function in this way. Results in the present study showed that triple hop distance decreased until 48 hours, but, the trend was stopped 72 hours after inducing DOMS in the hamstrings. DOMS may have led to altered joint mechanics, muscular structure and connective tissues in the hamstrings [1] . Neither TENS nor cryotherapy was effective in decreasing attenuation of triple hop distance resulted from DOMS. Many factors contribute to perform a successful triple hop. Presence of some pain and decrease of terminal active knee extension range of motion may have not been enough to impair this function.
Thigh circumferences in different regions were not changed due to hamstrings DOMS. This may be opposite with studies that shown some swelling due to induction of DOMS. Probably, more aggressive eccentric exercises could have induced swelling in the thigh region. Both interventions, particularly cryotherapy, may have prevented any probable formation of swelling. Crystal et al. (2013) studied the effect of cryotherapy on hamstrings recovery following induction of DOMS and did not report any effect of icing on swelling of the thigh [26] .
Except for pain and AROM, cryotherapy or TENS had not a priori for better subsiding signs and symptoms associated with DOMS. A more strenuous eccentric exercise may provide a better condition to differentiate, which of them would be more helpful. Combining management protocols, for example massage or stretching accompanying with cryotherapy, or using electrical stimulation with low level muscle contractions such as, brief intense TENS may provide more options for rehabilitation of DOMS. Also, the present study is limited for generalizing the results because of the lack of a group for which the interventions are applied only one time. This design could help to differentiate between one and multiple sessions of intervention.
CONCLUSION
DOMS occurred in the present study confirmed by the presence of pain, decreasing AROM and reducing triple hop distance. Only cryotherapy could decrease pain intensity permanently after induction of DOMS in the hamstrings. Pain may decrease just during the application of TENS. Active range of motion and triple hop distance, as measures of function in the lower extremities, did not get affected by cryotherapy or TENS. Comparing to previous researches, increasing frequency of application of these interventions did not result in a better management of signs and symptoms associated with DOMS.
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